Resistance to cisplatin results in recurrence or relapse of cervical cancer in women. An understanding of the mechanisms of cisplatin resistance will be important to improve the efficacy of cisplatin treatment. The aim of this study was to investigate the role of microRNA-7-5p (mir-7-5p) in cisplatin-resistant cervical cancer cells in vitro.
Therefore, the aim of this study was to investigate the role of mir-7-5p in cisplatin-resistant cervical cancer cells in vitro, including its role energy homeostasis, autophagy, DNA repair, and expression of Bcl-2 and poly (ADP-ribose) polymerase 1 (PARP-1), using cisplatin-resistant HeLa and SiHa cervical cancer cells.
Material and Methods

Cisplatin-resistant cervical cancer cells
The cell lines used in the study included cisplatin-resistant cervical cancer cells, HeLa and SiHa, which were purchased from American Type Culture Collection (ATCC). The cell lines were maintained in liquid nitrogen until needed. The cells were thawed and passaged in RPMI 1640 containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin. The cells were maintained at 37°C and 5% CO 2 . Transfections were conducted with Lipofectamine™ 2000 reagent (Invitrogen, Carlsbad, CA, USA) following treatments. The cisplatin-resistant cervical cancer cells, HeLa and SiHa, were screened by passage with increasing concentrations of cisplatin for ten generations in culture. Where indicated, endogenous miR-7-5p was blocked with antisense oligonucleotides (ASO)-miR-7-5p, and ASO-NC was used as a control. Endogenous PARP1 and BCL2 were knocked down with small interfering (si)-PARP1 or si-BCL2, respectively, and si-NC was used as a control.
Clinical samples of cervical cancer tissue and normal cervical tissue
Fifteen paired cervical cancer tissue samples, and adjacent normal cervical tissues were obtained from 15 patients who underwent surgery for histologically confirmed cervical cancer. All patients provided informed consent. The cervical cancer tissues and non-cancerous cervical tissues were harvested with histological confirmation of the presence or absence of tumor. Total RNAs were extracted with Trizol reagent and stored at -80°C. All the procedures were performed in accordance with local guidelines and with local ethical approval.
Western blot
Cells were lysed prior to Western blot using lysis buffer containing 0.1% sodium dodecyl sulfate (SDS), 1% NP-40, 1 mM MgCl 2 and 10 mM Tris at pH 8.0. A proteinase inhibitor was added directly to the cells with each treatment. The cell lysis supernatant was separated with sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to methanol-treated polyvinylidene difluoride (PVDF) membranes. After blocking with 5% non-fat dried milk powder in TBST, the membranes were treated with primary mouse polyclonal IgG antibodies to PARP-1, Bcl-2, or rabbit polyclonal antibodies to GAPDH (all at a dilution of 1: 5000) (Saier Bio., Tianjin, China), according to the manufacturer's instructions. Horseradish peroxidase (HRP)-conjugated secondary antibodies were used (Saier Bio., Tianjin, China). The bands were visualized using a chemiluminescence method.
Quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR)
Trizol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract total RNAs from cultured cells or cervical cancer samples, following the manufacturer's instructions. Moloney murine leukemia virus (M-MLV) reverse transcriptase (TAKARA, Dalian, China) was used to synthesize the first-strand cDNA, according to the manufacturer's instructions.
Quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR) was performed with SYBR Green Supermix and the iCycler real-time PCR detection system (Bio-Rad), and the relative expression level of targeted RNA was calculated using the 2 -(DCt) method, where DCt=Ct target -Ct U6/actin , and D(DCt)=DCt sample-DCt control.
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The following primers were used: miR-7-5p RT: TCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG ACAA; miR-7-5p Fr: ACACTCCAGCTGGGTGGACTAGTGATTT; miR-7-5p Rv: TGGTGTCGTGGAGTCG; PARP1 Fr: GAGTCGGCGATCTTGGACC; PARP-1 Rv: TGACCCGAGCATTCCTCG; BCL2 Fr: TCGCCCTGTGGATG ACTG; BCL2 Rv: GCT TGGCAATTAGTGGTC.
Autophagy and mitophagy fluorescence
The cultured cells were co-treated with pcDNA3/GFP-LC3 and plasmids or oligonucleotides, as indicated in the Figures. Cisplatin was added to a final concentration of 50 μM. Eight hours later, the cells were treated with paraformaldehyde. The blue fluorescent marker 4',6-diamidino-2-phenylindole (DAPI) was used for nuclear staining. The formation of autophagosomes was viewed with fluorescence microscopy.
Flow cytometry
The cultured cells were treated with respective plasmids or oligonucleotides and then treated with cisplatin at a final concentration of 50 μM for 8 hours. After harvesting and the cells were washed twice with PBS. The cells were resuspended in fluorescein isothiocyanate (FITC) -conjugated Annexin-V binding buffer, and 5 ul FITC-conjugated Annexin-V (Invitrogen, Carlsbad, CA, USA) was added to the cell suspension, avoiding light exposure, and maintained at room temperature for 15 mins before adding 5 ul of propidium iodide (PI), and after 10 mins, the cells were analyzed by flow cytometry.
ATP and ADP measurements
Measurements of ATP and ADP were performed according to the colorimetric method described in a previous study [10] . The absorbance spectrum of ATP and ADP was examined at 254 nm. The concentrations of these energy substances were calculated compared with the standard curve, as previously constructed [10] . To investigate the role of autophagy in energy regulation of cisplatin-resistant cells, 3-methyladenine (3-MA) or chloroquine (CQ) were used to inhibit autophagy, at a final concentration of 50 μM.
Results
MicroRNA-7-5p (mir-7-5p) was upregulated in cisplatinresistant cervical cancer cells and associated with cell survival on cisplatin exposure MicroRNA-7-5p (mir-7-5p) has been demonstrated to be involved in the pathogenesis of human cancer, but the role of miR-7-5p in the regulation of the response to treatment with cisplatin in cervical cancer remains unclear. The expression levels of miR-7-5p in clinical tissue samples showed that miR-7-5p was under-expressed when compared with adjacent noncancerous tissues ( Figure 1A) . In four cases of cervical cancer, the expression of miR-7-5p was upregulated in cancer tissue ( Figure 1A ), and these four cases were found to be taken from cisplatin treatment unresponsive patients.
To determine whether miR-7-5p was overexpressed in cisplatin-resistant cervical cancer tissues or cells, cisplatin-resistant HeLa or SiHa cells (HeLa-CR, SiHa-CR which were constructed by the authors) were studied. The IC 50 of the HeLa-CR or SiHa-CR was significantly increased compared with controls (parental, or cisplatin-sensitive HeLa or SiHa cells) ( Figure 1B ). The expression of miR-7-5p was significantly increased in both HeLa-CR and SiHa-CR compared with respective control (parental) cells ( Figure 1C, 1D ). Blocking endogenous miR-7-5P in HeLa-CR or SiHa-CR cells increased cell apoptosis following cisplatin treatment ( Figure 1E ) indicating a protective role of miR-7-5p in cisplatin-resistant cervical cancer cells. miR-7-5p inhibited DNA repair in cisplatin-resistant cells and maintained energy homeostasis DNA repair activity was detected in both the control (parental) and cisplatin-resistant cells by measuring the protein level of gH2AX, a marker of DNA repair. Following cisplatin treatment, the protein level of gH2AX was significantly increased in control (parental) cells, but only slightly increased in cisplatin-resistant cells (Figure 2A, 2B ). The level of H2AX was consistent in all the cases, indicating that the DNA repair activity of cisplatin-resistant cells was reduced. Blocking endogenous miR-7-5p with ASO-miR-7-5p significantly increased the protein level of gH2AX in both HeLa-CR and SiHa-CR cells ( Figure 2C, 2D) , which supported the involvement of miR-7-5p in the DNA repair process during cisplatin treatment.
The DNA repair process is an energy demanding process, and excessive DNA repair might result in cell death. The energy state of the control (parental) or cisplatin-resistant cells was evaluated by measuring the ATP/ADP ratio, which showed that following cisplatin treatment, the energy in cisplatin-resistant cells remained constant, while the ATP/ADP ratio was significantly reduced in control (parental) cells ( Figure 2E ). Blocking endogenous miR-7-5p with antisense oligonucleotides (ASO)-miR-7-5p reduced the ATP/ADP ratio in HeLa-CR and SiHa-CR cells ( Figure 2F ). These results supported that miR-7-5-p inhibited DNA repair activity in HeLa-CR and SiHa-CR cells, maintaining energy under treatment stress. miR-7-5P down-regulated the expression of poly (ADPribose) polymerase 1 (PARP-1), which is involved in the regulation of apoptosis Two target sites of miR-7-5p were found in the 3 UTR of PARP-1 mRNA ( Figure 3A) . The results of the luciferase reporter assay demonstrated that both sites were involved in the regulation of reporter gene expression by mIR-7-5p ( Figure 3B ). Overexpression of miR-7-5p in control (parental) cells led to a decrease in the levels of PARP-1 protein while blocking endogenous miR-7-5p with ASO-miR-7-5p led to an increase in the levels of PARP-1 protein ( Figure 3C, 3D) . The use of the PARP-1 expression plasmid or si-PARP-1 could reverse the impact of miR-7-5p or ASO-miR-7-5p in control (parental) or cisplatin-resistant cells, respectively, indicating the direct regulation of PARP-1 by miR-7-5p. Re-expression of PARP-1 in cisplatin-resistant cells increased the apoptosis rate of HeLa-CR or SiHa-CR cells ( Figure 3G ). These findings support that miR-7-5p down-regulated the expression of PARP-1, which is involved in the process of apoptosis under cisplatin treatment. 
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PARP-1 was the functional target of miR-7-5p in cisplatinresistant cervical cancer cells
Knockdown of endogenous PARP-1 with si-PARP-1 reversed the increase in levels of gH2AX by ASO-miR-7-5p following cisplatin treatment in both HeLa-CR and SiHa-CR cells ( Figure 4A, 4B) . The reduced ATP/ADP ratio in cisplatin-resistant cells induced by ASO-miR-7-5P could also be partially reversed by si-PARP-1 ( Figure 4C ). Blocking endogenous miR-7-5p with ASO-miR-7-5p significantly increased apoptosis of HeLa-CR or SiHa-CR cells, and this could also be reduced by si-PARP-1 ( Figure 4D) . The above results demonstrated that PARP-1 was a functional target of miR-7-5p and was involved in the regulation of energy as well as apoptosis by miR-7-5p.
miR-7-5p promoted autophagy in chemotherapy-resistant cervical cancer cells
In cisplatin-resistant cervical cancer cells, the activity of autophagy was significantly increased compared with the control (parental) cells ( Figure 5A ). Blocking endogenous miR-7-5p with antisense oligonucleotides (ASO)-miR-7-5p significantly inhibited autophagy in both HeLa-CR and SiHa-CR cells ( Figure 5B ), indicating the involvement of miR-7-5p in autophagy in cisplatin-resistant cervical cancer cells. Inhibition of autophagy with both 3-methyladenine (3-MA) or chloroquine (CQ) led to a significant decrease of ATP/ADP levels in both HeLa-CR and SiHa-CR cells ( Figure 5C ), demonstrating that autophagy provided energy for cisplatin-resistant cells. Blocking autophagy with 3-MA significantly increased apoptosis in cisplatin-resistant cells ( Figure 5D ). These results indicated that autophagy involved in cisplatin resistance of cervical cancer cells might provide alternative energy for the cells and that miR-7-5p is involved in the regulation of autophagy in cisplatin-resistant cervical cancer cells. Figure 6C ). Blocking miR-7-5p with ASO-miR-7-5p reduced autophagy in HeLa-CR and SiHa-CR cells, but simultaneous knockdown of endogenous BCL2 with si-BCL2 could rescue the autophagy activity ( Figure 6D ). Knockdown of endogenous BCL2 with si-BCL2 could also rescue the ATP/ADP level in ASO-miR-7-5p-treated cells ( Figure 6E ). Simultaneously knocked down endogenous BCL2 and PARP-1 in ASO-miR-7-5p treated cells could further rescue the ATP/ADP ratio ( Figure 6E ). The increase of apoptosis in ASO-miR-7-5p treated cisplatin-resistant cervical cancer cells was also reduced by BCL2 and PARP-1 gene knockdown ( Figure 6F ).
These results demonstrated that in cisplatin-resistant cervical cancer cells, the expression of miR-7-5P was increased, which suppressed the expression PARP-1 resulting in reduced DNA repair activity and reducing cell energy consumption. The expression of miR-7-5P in cisplatin-resistant cervical cancer cells suppressed the expression of BCL2 leading to increased autophagy that supplemented energy in cisplatin-resistant cells, thus maintaining energy homeostasis ( Figure 6G ).
Discussion
The mechanisms for cisplatin resistance vary in different cancers. Intrinsic or acquired resistance of cervical cancer cells to cisplatin chemotherapy is the main reason for treatment failure of advanced or recurrent cervical cancer [4, 5] . The findings of this preliminary study showed that the expression of microRNA-7-5p (mir-7-5p) was increased in cisplatin-resistant cervical cancer cells and that miR-7-5p maintained energy homeostasis via reducing energy consumption by targeting poly (ADP-ribose) polymerase 1 (PARP-1) and increasing energy generation by targeting the BCL2 gene in cisplatin-resistant cells.
The role of miR-7-5p in tumorigenesis of several types of cancer has been previously investigated and has been reported to have both a tumor-promoting and tumor-suppressive role, depending on the type of cancer. By targeting PI3K/Akt, miR-7-5p inhibited cell proliferation and metastasis in hepatocellular carcinoma and glioblastoma [7] , and by regulating focal adhesion kinase (FAK) or Kruppel-like factor 4 (KLF4), miR-7-5p inhibited cell metastasis in breast cancer [6] . Although the functional target of miR-7-5p in renal cancer remains unclear, miR-7-5p has been shown to have a promoting role in renal cancer [9] .
In a previously published study on cervical cancer tissue by Liu et al. [11] , when compared with non-cancerous cervical tissue, the expression of miR-7 was decreased, and miR-7 exerted a tumor suppressive role by targeting X-linked inhibitor of apoptosis protein (XIAP) in cervical cancer. In the present study, the expression of miR-7-5p was decreased in cervical cancer when compared with non-cancerous tissue. However, for different types of cancer, the expression of miR-7-5p may vary depending on the individual patient response to cisplatin. In cisplatin-sensitive cancer tissues, the expression of miR-7-5p was decreased, indicating a tumor suppressive role of miR-7-5p. However, in cisplatin-resistant tissues, the expression of miR-7-5p was increased. Further studies are required to investigate the mechanisms of the oncogenic role of miR-7-5p in cisplatin-resistant cervical cancer. In this study, using chemotherapy-resistant and chemotherapy-sensitive cervical cancer cells in the in vitro model, in cisplatin-sensitive cells, the expression of miR-7-5p was decreased, and in cisplatin-resistant cells, the expression of miR-7-5p was increased.
The function of a given microRNA may vary in different circumstances, under different situations the functional target of microRNAs can change accompanied by a change in the role of the microRNA. The expression of microRNA is regulated at both the transcriptional and post-transcriptional level [12, 13] . Currently, the mechanisms that explain the expression of miR-7-5p in cisplatin-resistant and cisplatin-sensitive cervical cancer cells remain unclear, and further studies are required.
The activation of the PARP-1 gene is correlated with a DNA damage response that is promoted by DNA repair and genomic integrity [14] [15] [16] . Under mild genotoxic stimulation, the activation of PARP-1 can facilitate DNA repair and maintain cell survival [17] . Excess DNA repair consumes most of the intracellular NAD+, causing ATP storage to provide the large cell energy demand, leading to cell dysfunction [18, 19] . It is possible that cisplatin forms DNA-cisplatin adducts leading to DNA damage, and that excess DNA damage induces cellular apoptosis [20] . The findings of the present study showed that in cisplatin-resistant cervical cancer cells, miR-7-5p reduced levels of PARP-1 protein and PARP-1 gene expression levels, maintaining DNA repair activity and maintaining energy to avoid cell apoptosis.
Autophagy is a common stress response in eukaryotic cells that involves damage to cell organelles and autophagy of degraded proteins that could provide an alternative energy supply for the cell under stress condition [21] . In the present study, the level of autophagy was increased in cisplatin-resistant cervical cancer cells compared with cisplatin-sensitive cells, and that blocking autophagy with 3 3-methyladenine (3-MA) or chloroquine (CQ) could re-sensitize the cisplatin-resistant cell. This finding is supported by those of previous studies that have shown that autophagy promotes cisplatin resistance in several types of cancer [22, 23] .
The results of this study showed that the BCL2 gene was the functional target of miR-7-5p in the regulation of autophagy. Bcl-2 is a multifunction protein involving in the many aspects of cellular processes, including autophagy, and the expression of Bcl-2 inhibits autophagy via forming a complex with the BECN1 gene that encodes Beclin-1 [21, 24, 25] . miR-7-5p reduces cellular the expression levels of BCL2 in cisplatin-resistant cells, promoting autophagy, which explains its effects on cervical cancer cell survival during cisplatin treatment. Also, by promoting autophagy, miR-7-5p increased energy generation to maintain surviving of cisplatin-resistant cells under cisplatin exposure.
The results of this preliminary study have shown that in cisplatin-resistant cervical cancer cells, miR-7-5p maintained energy homeostasis of cisplatin-resistant cells via promoting autophagy and reducing DNA repair activity by targeting BCL2 and PARP-1 genes. These findings provide new insight on the role of miR-7-5p in cervical cancer and might stimulate further research leading to the prevention or reversal of cisplatin resistance in cervical cancer.
Conclusions
The results of this preliminary study have demonstrated a potential role for microRNA-7-5p (mir-7-5p) in cervical cancer and may shed light on the mechanism of cisplatin resistance of cervical cancer cells, by regulating the expression of PARP-1 and BCL2. Also, the study findings support that miR-7-5p might maintain energy homeostasis in cisplatin-resistant cervical cancer cells by reducing energy consumption via inhibiting DNA repair and increasing energy generation via activating autophagy.
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